This study constructs a quarterly hedonic price index using 64,203 artworks, by seventyone well-known modern and contemporary Australian artists, sold at auction houses over the period . The hedonic regression model includes characteristics such as name and living status of the artist, the size and medium of the painting, and the auction house, quarter and year in which the painting was sold. The resulting index indicates that returns on Australian fine-art averaged one percent in nominal terms over the period from quarter one 1986 to quarter four 2009 with a standard deviation of seventeen percent. During the global financial crisis spanning quarter one 2008 and quarter four 2009, the average art returns declined in nominal terms by close to six percent with a standard deviation of twenty-one percent. This study also shows that over the entire period the art market only marginally underperformed the stock and housing markets. The low correlations between these markets suggest the benefits of portfolio diversification.
where α m are parameter estimates of the implicit prices of the specified art characteristics, Z t is a dummy variable which takes the value of one for a sale occurring in month and year t and zero elsewhere, β t is a parameter estimate, e βt gives the art price index and all other variables are as previously defined.
The first set of information gathered is the price of each artwork. This comprises the dependent variable in the hedonic price regression. Each artwork included is sold exclusively at public auction and its value is specified in Australian dollars. The price is the hammer price plus the buyer's premium. The premium may fluctuate between 10 and 30 percent above the hammer price depending on the auction house. The amount of premium is stated in the auction house terms and conditions of sale. Higgs and Worthington (2005) used the hammer price from auction houses, which could underestimate the coefficients for each artist. All prices are nominal and the price index calculated is also in nominal terms. Since the price obtained in auctions is the outcome of a competitive process, it could be suggested that the prices achieved are higher for well-known artists and lower for newcomers into the art world.
The auction prices may also differ from expert valuations and those offered in galleries. On the other hand, auction prices are perceived to be artificially high as the auction houses have financial overheads not shared by art galleries, while large auction houses may also exercise market power to attract more valuable works. In this instance, the prices included may be higher than those obtained from other sales channels. However, as the true or intrinsic value is not observable, it is not possible to make a definitive statement on whether there is systematic under or overbidding in the Australian auction market.
The next three sets of variables are considered to be major determinants of the price of an individual artwork and are specified as explanatory variables in the hedonic pricing 3 4 regression. The first set of explanatory variables relate to the personal characteristics of the artist who painted the work. The second set corresponds to the physical characteristics of the work itself. The final set includes the sale characteristics of the work.
The first variable included in the set of personal characteristics is the name of the artist. It is recognised that one of the most important factors determining the price of a painting is the reputation and quality of the artist. In addition, other factors thought to determine prices are closely related to the artist's name, including style and subject matter, historical importance and medium. Another personal characteristic included represents the living status of the artist, taking the form of a dummy variable with a value of one if the painter is deceased at the time of the auction (DTH) and zero otherwise (Agnello and Pierce, 1996; Higgs and Worthington, 2005) .
All other things being equal, the price of artworks are likely to increase once an artist has died such that the sign on the coefficient is expected to be positive. However, as the sample of artists is drawn across a very long time period, the effect may be less than if only works from artists who were still living or died during the sample period were included. Of the seventyone artists, thirty-one died prior to the sample period, twenty-four died during this period and sixteen are still living.
The next set of variables represents the physical characteristics of the artwork. The first group are dummy variables identifying the medium of the work: namely, acrylic (ACR), charcoal (CHA), crayon (CRA), etching (ETC), the heavy, opaque watercolour paint known as gouache, (GCH), lithograph (LTH), mixed media (MIX), oil (OIL), pastel (PAS), pencil (PEN) and watercolour (WCO). The reference category is all other mediums. Of the mediums included in the analysis, the largest numbers of works sold during the sample period are watercolours (WCO) followed by etchings (ETC) and then oils (OIL). However, the most desirable medium is usually oil since many high quality works are executed in this longlasting media, though a variety of other potentially valuable media are found in most fine-art collections. The second group of physical characteristics comprises the dimensions of the painted work as represented by surface area (ARE) in square metres (m 2 ) and surface area squared (ASQ) as the non-linear component. A positive relationship is generally hypothesised when price is regressed against ARE, although it is difficult for all but the largest public galleries to display very large works. On this basis, and given most sales are to private collectors, the expected sign on the coefficient for ASQ is thought to be negative (Agnello and Pierce 1996; Higgs and Worthington 2005) . Of course, there are any number of other physical characteristics that could be included if data were available. These include the painting's genre, provenance and the date it was completed.
The final set of explanatory variables incorporate the sales characteristics of the work. The first of these are dummy variables identifying in which of the six major auction houses the sale took place: that is, Australian Art Auctions (AUS), Christies (CHR), Deutscher-Menzies (DEU), Lawson Menzies (LAW), Leonard Joel (LEO), and Sotheby's (SOT). The reference category is all other auction houses. During the sample period, the largest number of works was sold through Leonard Joel (LEO), followed by Sotheby's (SOT) and then Christies (CHR). In the absence of transaction costs, the law of one price dictates that no significant price difference should exist for paintings of similar quality. However, Pesando (1993) , de la Barre et al. (1994) , Renneboog and Van Houtte (2002) and Higgs and Worthington (2005) amongst others, have found that Christies and Sotheby's systematically obtain higher hammer prices, chiefly because of reputation and market power. The second set of sales characteristics identifies the quarter and year when the work is sold. This consists of ninety-six quarterly dummy variables with 1986 quarter one as the reference category. Accordingly, 1986 quarter one provides the base period for the index.
III Data and Descriptive Statistics
The data employed in this study consist of 64,203 sales transactions of artworks by seventyone leading Australian artists. All data are obtained from Australian Art Sales Digest (2010) and span the period 1986 quarter one to 2009 quarter four. The selection of artists to be included in the index is highly subjective. It was arrived at after discussion with various art auctioneers, curators and dealers on those artistic works most sought after and frequently sold at auctions. The data collection procedure aimed to capture, in so far as possible, of the longest continuous time trend, schools and genres in Australian art history and is predominantly restricted to artists who lived most of their lifetime in Australia. $170,924, $193,201, $202,359 and $248,945, respectively . According to the coefficient of variation, which measures the standard deviation relative to the mean, the prices of paintings by John Glover (GLO) and Clifford Tjapaltjarri (TJA) are some of the most variable, with works by Ernest Buckmaster, (BUC) and Thomas Garrett (GAR) less variable.
By and large, the distributional properties of the artwork prices appear non-normal. The measures of skewness are all positive and range from 1.05 (OLL) to 25.12 (GOU). Since the asymptotic sampling distribution of skewness is normal with a mean of 0 and standard
where n is the sample size, and given that the smallest sample size is 34, the standard deviation under the null hypothesis of normality is 0.4201. Finally, descriptive measures of the sales by auction house are also presented in Table 1 . 
VI Empirical Results
The estimated coefficients of the hedonic pricing regression model are presented in Table 2 .
The null hypothesis of no heteroskedasticity in the least squares residuals was initially rejected using White's (1980) test ( The physical characteristics in the regression model comprise the medium of execution (i.e.
oil, acrylic, charcoal, crayon, gouache, etc.) and the size of the work. As hypothesised, the percentage changes in value in Table 2 indicate that works executed in acrylic (ACR) and oil (OIL) command higher prices, with percentage increases over the standard work of 3.0312 and 6.4840 percent, respectively. This classifies that oil is the most sought after medium according to its long lasting quality and cannot be easily faded by natural light, and is therefore more likely to fetch higher prices. Acrylic, as a relatively modern alternative, also commands high prices at auction, while gouache (GCH), water colour (WCO), mixed media (MIX) and pastels (PAS) have price increases of between 2.6927 and 2.9661 percent. The more affordable media such as lithograph (LTH), etchings (ETC), pen (PEN), crayon (CRA) and charcoal (CHA) are associated with respective percentage increases of just 0.4944, 0.6415, 1.1248, 1.4184 and 1.7153 percent. As a comparison, Higgs and Worthington (2005) concluded that OIL and ACR artworks increased price by 6.1552 and 6.0376 percent respectively and GCH, MIX, PAS and WCO achieved price increases ranging from 3.0289 to 3.7781 percent.
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Other physical characteristics included in the regression model are the size of the work.
These are the area of the work in square metres (ARE) and its nonlinear component, area prices. This strongly suggests that the top three auction houses can exercise market power luring owners of works by well-known artists to sell their works in the larger auction houses rather than the smaller and not so productive ones. In addition, auction house professionals argue that auction pricing is inefficient as art auction prices are set artificially low in catalogues in order to lure buyers to join in the excitement of the bidding process. The low prices also provide a satisfaction to the sellers with perceived satisfaction of obtaining a sufficient price. Pesando (1993 ), de la Barre et al. (1994 , Agnello and Pierce (1996) , Renneboog and Van Houtte (2002) and Higgs and Worthington (2005) also found that Sotherby's typically fetched higher prices than Christies and in turn these two auction houses commanded higher, prices than all other houses. (Frey and Eichenberger, 1995a; 1995b) . Candela and Scorcu (1997: 190) presented the suitability of comparing these two investments suggesting that "…the aesthetic dividend effect is closely related with the heterogeneity of the objects traded and with the low degree of liquidity of the art market, features that make the art market more similar to the real estate market". It is expected that the art market be always dependent on the stock and housing markets as it has no income stream attached to it. Housing has the implicit rental even if owner-occupied and stock has dividends. This also means that their indices underestimate their financial returns.
Plots of the trends of the Australian price art (API), All Ordinaries (AOI) and housing Table 4 presents the risk and returns for the three markets over the entire sample period.
During this period the arithmetic mean art return (1.1731 percent) is lower than the stock market (1.5380 percent) which in turn is lower than the housing market (1.8550 percent).
There is no significant difference between the average returns in these three markets. Returns in the art market are more volatile with a standard deviation of 17.3477 percent which is significantly higher than the stock market of 9.7820 percent and the housing market of 2.1886 percent. The next-to-uppermost panel of Table 4 shows the risk and returns covering the period prior to the GFC. The average returns for the art, stock and housing markets are 
<TABLE 4 HERE>
The average quarterly return of one percent in Australian art market over the sample period appears to be lower than other studies using annual data but is more compatible to average returns calculated from longer time series. Higgs and Worthington (2005) obtained an average return of 1.5 percent with a standard deviation of 5 percent.
Based on the returns of the three markets over the entire period, the simple pairwise correlation of the return to art and with the returns to stock and housing are respectively 0.0737 and 0.0979. As the correlation of returns is relatively low and not significantly different from zero, diversifying across these markets may allow investors to reduce portfolio risk.
V Concluding Remarks
This study constructs a quarterly Australian art price index for the period 1986 to 2009, which allows a comparison of the short-term performance of the art market as a form of investment relative to the stock and housing markets. This study extends this area by estimating a quarterly art price index, whereas previous studies all produced semi-annual or annual art indices, which are inadequate to examine the intense price movements of the art, By contrast, the housing market remained relatively unscathed during the GFC. Over the entire sample period, returns on art are not significantly lower but risks are significantly higher than in the stock and housing investment markets. Over the GFC, the average return on art is significantly lower and risk significantly higher than the stock and housing markets.
During the GFC the Australian art market followed a similar fate to that of the global art markets, which also coincided with the downturn of stock markets nationally and internationally.
These results are of interest to portfolio managers. There are substantial drawbacks to art investment with the art market being less liquid and returns being further reduced by high transaction costs; however one must not overlook the aesthetic qualities of art investment.
Investment in the art market could be encouraged because of the relatively low correlations with the stock and housing markets, and are suggestive of the benefits of portfolio diversification.
These findings made a contribution in tracking the movement of the art, stock and housing markets that has not been previously explored in the Australian context especially over the uncertain period of the GFC. The assessment of the risk and returns of these markets allows for better understanding of investment diversification by investors. These findings are of special interest given the recent Henry tax reform which proposes to disallow the use of artworks as investments in self managed super funds.
A limitation in this model is that works from well-established artists are used to estimate the index which inevitably involves bias towards higher-valued works, so the risk and returns may only be truly indicative of masterpieces, rather than artworks more generally. The advantage of this is that it reduces the impact of the gallery sales market for unknown and new artists. This is comparable to the stock market which includes only the top 500 shares. By contrast, the housing index is the weighted index employing the median house prices sold in the eight capital cities and the median prices ignore both higher and lower priced houses resulting in a smoother series.
There are many interesting opportunities to expand upon this work. One possibility is to extend the hedonic price index method and construct a monthly price index. This would allow further analyses into the inter-relationship between these three markets using capital asset pricing models (Locatelli Biey and Zanola, 1999) , cointegration and error correction models (Czujack et al, 1996; Flores, Ginsburgh and Jeanfils, 1999; Worthington and Higgs, 2003) and more sophisticated time-series techniques. In addition, it would be of interest to extend the art price index to take account of the future impact of the Henry tax reform whereby self managed super funds are no longer allowed to own artworks as part of their portfolio and how this change will affect the art price index at the time of the announcement and when the legislation becomes effective. 
